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The sebaceous glands of man show age-related differ-
ences in their activity as determined by quantitative and 
qualitative examination of sebum. Sebaceous secretion 
is low in children and begins to increase in mid- to late 
childhood under the influence of androgens. This rise 
continues until the late teens, after which no further 
significant change takes place until late in life. 
In elderly men, sebum levels remain essentially un-
changed from those of younger adults until the age of 
80. In women, sebaceous secretion decreases gradually 
after menopause and shows no significant change after 
the 7th decade. The most likely explanation for the de-
crease in sebaceous gland secretion with age in both 
men and women is a concomitant decrease in the endog-
enous prod.uction of androgens. 
Although surface lipid levels fall with age, paradoxi-
cally the sebaceous' glands become larger, rather than 
smaller, as a result of decreased cellular turnover. None-
theless, as the higher surface lipid levels after adminis-
tration of fluoxymesterone (a synthetic testosterone de-
rivative) indicate, the glands have the capacity to re-
spond to androgens. 
Sebaceous gland activity decreases with advancing age [ll 
The principal cause for this attrition appears to be diminished 
hormonal stimulation, a reversal of the increase in glandular 
activity that occurs at puberty through augmented elaboration 
of androgenic steroids. This review is concerned with studies 
on sebaceous gland activity in the aged and the correlation of 
these findings with hormonal alterations that occur in late 
middle age and senescence. Data are also presented on the 
developmental changes occurring from the time the glands 
begin to mature to the time they reach their adult state. 
METHODS 
In our laboratories, sebaceous gland activity is measured by a method 
[2] that involves the absorption of surface lipids from a defined area of 
the forehead onto absorbent papers for a period of 3 hr. The lipids 
collected are extracted by ether and measured gravimetrically. The 
determination of individuai lipid class components of forehead surface 
lipids is made by thin-layer chromatographic separation and photoden-
sitometric quantification [3]. 
SEBACEOUS GLAND DEVELOPMENT 
Human sebaceous glands develop during fetal life between 
weeks 13 and 15 of gestation; they attain fair size by the time of 
birth and then mostly shrink to comparatively small structures 
during childhood [4]. With the onset of puberty and stimulation 
by androgens, there is glandular hyperplasia and an increase in 
the synthesis and secretion of sebum. Studies by Cotterill et al 
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comprising cross-sectional analyses in children before and after 
the age of 10, showed no increase in sebum secretion until the 
mid teens, except in menarchal girls, in whom the increase was 
evident somewhat earlier [5]. However, sebum production tests 
we performed twice yearly in each of 9 boys and 6 girls for a 3-
yr period showed an earlier increase in sebum production. 
Figure 1 illustrates our results. A gradual increment in the 
amount of sebum secreted occurred; this increment became 
somewhat more abrupt at age 13. No obvious sex difference was 
apparent, either in the quantity of sebum produced at any given 
age or in the slope of the line representing sebum secretion. 
In actuality, one can observe an even earlier increase in 
sebaceous gland activity, before the age of 9, by determining 
the relative composition of skin surface lipids, which are mix-
tures of sebaceous and epidermal lipids [6]. As sebum secretion 
begins to increase in late childhood, the amount of wax esters, 
which are of sebaceous origin, increases relative to the amounts 
of cholesterol and cholesterol esters, which are epidermal lipids. 
One can show that the wax esters/[ cholesterol+cholesterol 
esters] ratio increases at approximately 7 or 8 yr of age and 
these lipids approach an "adult" composition by age 10 or 11 
[7,8]. 
Published results of studies based on examinations of individ-
uals of different ages suggest that full sebaceous gland matu-
ration is not attained until either late in the 2nd decade or early 
in the 3rd decade [4,5,9,10]. Figure 2 shows data obtained in a 
13-yr longitudinal study of sebum secretion in 2 children, a boy 
and a girl. Sebum production was measured in each of the 
children 4 times yearly. Secretion clearly increased at age 12 or 
13, continued to increase gradually and steadily until age 17 or 
18, and then appeared to enter a stable phase. Our lack of 
evidence for an earlier sebum increase in the girl was in contrast 
to another report [5] which indicated greater production in 11-
to 15-yr-old girls, especially menarchal ones. 
SEBUM STUDIES IN THE AGED 
Once maturity has been achieved, little change in sebaceous 
gland activity takes place until middle age and thereafter. Table 
I shows sebum production values in women and men 40 yr or 
older. Average sebum production levels in the women fell by 
approximately 40% in the 6th decade, declined additionally in 
the 7th decade, and remained constant thereafter. In the men, 
no change was observed until the 8th decade. At any age range 
examined, mean sebum values in the men exceeded those in 
the women. This finding of a drop in surface sebum levels with 
advancing age and of a greater decrease in women is in general 
agreement with reports of other studies [5,10-15]' Reduced 
sebaceous gland activity, as evidenced by lower surface lipid 
levels, has also been demonstrated in vitro by diminished 
formation of squalene, and to a lesser extent of wax esters, from 
glucose in skin biopsy samples from the backs of elderly men 
[16]. . 
Study of the forehead surface lipid composition in 15 children, 
18 young adult women, and 10 postmenopausal women revealed 
wax esters/[ cholesterol+cholesterol esters] ratios that were low 
in the children, high in the young adults, and low in the aged 
women (Table II). These changes reflect the differences in 
sebaceous gland activity occurring at these various times of life. 
The most probable explanation for the decrease in sebaceous 
gland synthesis and secretion in the aged is a concomitant 
decrease in the production of androgens. In men, testosterone 
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FIG 1. Sebum production in 15 children tested twice yearly over a 
3-yr period. Height of each column represents the mean sebum value 
of the results obtained at the age when tested. 0 = 6 girls; ~ = 9 boys. 
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FIG 2. Longi tudinal study of sebum production 111 the skin of 2 
normal human beings. - - - = male; - - = female. 
TABLE I. Sebum production values in normal men and women 40 yr 
of age and older" 
Women Me n 
Age 
No. M ean Range No. Mean Range 
40-49 3.1 1.86 0.12-4.80 50 2.39 0.54-5.14 
50- 59 21 1.08 0.07-2.38 14 2.43 1.05-4.36 
60-69 18 0.88 0.22-1.62 14 2.42 0.83-4.95 
70-79 12 0.85 0.33-2.19 13 1.69 0.63-3.23 
" Milligrams of lipid per 10 cm' of skin per 3 hI". 
blood levels gradually decline after the 6th decade but do not 
fall significant ly until approximately the age of 70 [17-20]. 
These hormone data correla te well with the finding of no 
decline in sebum production levels until after the age of 70, On 
the other hand, studies have indicated that the fraction of free 
testosterone, the presumed form in which testosterone enters 
t he target cell , decreases at an earlier age, usually between 50 
and 60 yr [18- 20]. That sebaceous gland activity does not 
decrease until a decade or 2 later attests to the marked sensi-
t ivi ty of t he gland to endogenous androgen stimulation, 
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TABLE II. Comparison at different oges of wax esters/ 
[cholesterol+clwlesterol esters! ratios in forehead surface lipids 
No. subjects Ratio 
Children 15 0.35 
Young adult 18 7.47 
women 
Postmenopausal 10 1.46 
women 
In women, androgen sources for sebaceous gland stimulation 
are the ovary and adrenal cor tex. We had assumed previously 
that the postmenapausal decrease in sebum production had 
been the resul t of ovarian involution and that the failure of 
many subjects to reach prepubertal sebum levels had been du e 
to persistent adrenocort ical androgen secretion [4]. However, 
subsequent studies demonstrated that postmenopausal ovaries 
retain a considerable androgen synthetic capacity, In postmen-
opausal women, plasma testosterone levels fall after bilateral 
oophorectomy [21] and are lower in postmenopausal oophorec-
tomized women than in normal controls [22]. Moreover, the 
concentration of testosterone in the ovarian vein exceeds that 
in the peripheral blood [23,24] and increases significantly after 
administration of human chorionic gonadotropin [24]. However, 
adrenocortical a ndrogen secretion must also decrease in women 
(and men) with age since there is a gradual decrease in urinary 
17 -ketosteroid excretion and plasma concentrations of dehy-
droepia ncb'osterone (the principal adl'enal andl'ogen) [25-27]. 
Values for these acb'enal andl'ogens ar e greater in men than in 
women, and this differential persists until a very late age, after 
which they closely approach one another [25,28,29]. 
Alt hough it is probable that the diminished sebaceous gland 
secretory activity occurring in the aged can largely be explained 
by concomitant changes in androgen levels, the possible role of 
such other hormones as glucocorticoids and thyroid hormones, 
merits consideration, There is evidence that human sebaceous 
glands req uire cor tisol for their optimal response to ancb'ogenic 
stimulation [30]. Thus, if impaired endogenous corticoid activ-
ity were to occur with aging, this defect might lead to a blunted 
sebaceous gland response to androgens, Studies have shown a 
decreased clearance rate of cortisol in the aged [31,32] and less 
urinary excretion of 17-ketogenic steroids [27,33] a nd cortisol 
metaboli tes [32], but these changes are not marked and are the 
same for both sexes [33]. Moreover, other indicators of adre-
nocortical function, such as plasma cor tisol levels, urinary free 
cor t isol excretion, diurnal variation, and response to ACTH 
stimulation, ar e essentially the same in the elderly and the 
younger adul t [33]. Because t he sebaceous glands would not be 
affected by a less than severe adrenocortical insufficiency, it is 
unlikely that the modest a lterations in acb'enocortical function 
in the aged can account for or even contribute to the compar-
atively low sebum levels of senescence, 
Studies have suggested a role for t hyroid hormones in the 
maintenance of sebaceous gland function, Thyroidectomy in 
rats produced significant reductions in sebum secretion, and 
thyroxine (T.) administration restored secretion [34]. Sebum 
production levels were found to be lower in people with hypo-
thyroidism than in normal controls, and treatment with L-
thyroxine was followed by an increase in sebum production in 
the hypothyroid patients [35]. Alt hough in elderly men plasma 
total and free T . concentrations are normal, as is the concen-
tration of protein-bound iodine, the metabolic clearance rate of 
T " is reduced, presumably a reflection of a decreased T., pro-
duction rate, Also, plasma triiodothyronine (T,) levels are 
lower, probably because of diminished peripheral conversion of 
T., to Tl' No major sex differences in thyroid abnormalities 
have been noted, a lthough isolated studies have reported in 
men a lessened t hyrotropin (TSH) response to TSH-releasing 
hormone administration and lower plasma T , levels, As to the 
relationship between these thyroid a lterations in aging and the 
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sebaceous glands, it is ent irely possible that the decreased 
thyroid function t hat occm s with aging has a depressive influ -
ence on sebaceous lipid synthesis. Howeve r, the cha nges de-
scribed above are not particul ru·ly ma rked, and there a re con-
tradictory data concerning them [36]. It is unlikely that any 
significant effect is exerted since men are more apt to have 
decreased thyroid activity in senescence and yet they maintain 
unchanging sebum levels unt il at least the age of 7U. 
SEBACEOUS GLANDS IN T HE AGED 
Alt hough, as described in the preceding section, t he quantity 
of surface Li pids in skin areas where sebaceous gla nds ar e 
normally abundant decreases with age, P lewig. and Kligman 
have recently demonstrated by pla nimetric study that the 
glands actua lly become larger rather than smaJJ er [37]. T his 
effect is t he opposite of what one migh t expect to occm in a 
holocrine-secreting gland . Actually, Lee had earlie r observed 
striking hypertrophy and hyperplasia of the sebaceous glands 
in t he foreheads of 9 men over t he age of 40 [38]. However , in 
a subsequent investigation, KaLlapravi t, who studied fewer sub-
jects, fo und that gla nds in aged me n we re the same s ize as t hose 
in young adult men [39]. 
Table III shows data from the study by P lewig a nd Kligma n 
in which t he size of the sebaceous glands in men increased wit h 
age. I n 3 groups of men of differe nt ages, addi t iona l comparative 
measurements were made of the relative volu me of skin occu-
pied by the glands in the removed t issue specimen and of the 
largest gland observed in each specimen. T hese 2 indices were 
also greater in the elderly t ha n in the young. T hese investigators 
injected t ri t iated thymidine and histid ine in tracutaneous ly in 
order to study sebaceous gland cellular kinetics. T hey observed 
red uced cell tmnover in the aged gla nds a nd slowed m ovemen t 
of t he radiolabeled sebaceous cells. P resumably, t he large size 
of the gla nds was the resul t of prolonged cell transit time, in 
t he face of cont inued sebaceous lipid synthesis. This assumption 
would be consistent wi th the observations, described a bove, of 
no mean decrease in surface lipids in men under 70 yr of age. 
However, the authors, without presenting specific information, 
mention that the sebaceous glands of elde rly women are simi-
larly enlarged, even though sebum levels are substant ially lower 
in postm~nopausa l women. In women, Lee did not find the 
sebaceous glands to be enlarged, as she did in men [38]. 
Sebaceous gland hyperplasia wi th decreased cell turnover, 
does not render sebaceous glands unrespons ive to a ndrogenic 
stimulation. Studies have demonstra ted the capacity of aged 
sebaceous gLands, in both men and women, to respond to 
testosterone administration [15,40,41]. F luoxymesterone can 
a lso stimulate postmenopausal sebaceous glands (Table IV). 
T hus, despite t he fmding that histologically t hey become en-
lru·ged in t he elderly, these glands ar e responsive to hormonal 
stimulation, insofar as detection by surface lipid measurements 
is concerned. It would be of in terest to know wh ether such 
treatment can render the hyperplastic gla nds smaller by in-
creasing cell tUj·nover. 
Whatever the reasons for the hyperplasia and decreased 
activity of aged sebaceous glands, there are no obvious mor-
phological abnormalities of individual sebaceous cells [37,42]. 
However, clusters of undifferent iated celJs can often be seen 
arising from the follicular epi thelium of sebaceous follicles. 
TABLE Ill. Planimetric measurement of sebaceous gland size in 
facial biopsy specimens from men" 
Age No. subjects Mean cross-secLiona l area (mm' ) 
20-36 15 .2258 
47-53 5 .2532 
64-74 21 .4003 
" Adapted from Plewig and Kligman, J Invest Dermalol 70:314, 1978 
[37]. 
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Although undiffer ent iated celJs do not r epresen t a specific 
senescent cha nge, t hey do occur in greater numbers tha n llt 
younger individuals [42]. Unl ike normal sebaceous cells, which 
ru·e strongly reactive for succinic dehydrogenase, these undif. 
ferentiating cell rests show little reactivity fOl· this enzym e. 
BREAST CANCER IN POSTME NOPAUSAL WOME N 
In a previous ar t icle, we reported that sebum production, 
levels in postmenopa usal women with breast cancer were s ig. 
nificantly higher than in age-matched controls [43]. Su bse• 
quently, 2 other groups reached the same conclusion after 
similru· study [44,45]. Because plasma testosterone a nd deh y_ 
droepiandrosterone sulfate levels a re not higher in breast cancer 
patients [45,46] nor do such patients become vir ilized or show 
diffe rences in testosterone metabolism as compared to normal 
women [47] , this greater sebaceous gland activity has no ready 
expla nation. Goolamali and Shuster suggested the possibility 
that a sebotropic factor migh t be presen t in patien ts with cancel' 
and migh t be ma mmatropic as well , for both maligna nt and 
benign breast disease [48]. 
However , since om original report of sebum production level 
in 22 breast cance r patients, we have studied a n addi tional 50 
patients, all postmenopausal wit h no previous endocrine surgi. 
cal interventions or hormona l t herapy for t heir disease, and 
have compared their sebum levels with t hose of a n age- match ed 
normal group of 51 women. In each person, sebum production, 
tests were perfo rmed on 3 separate occasions. Table V shows 
the resul ts of our ini tial study, resul ts from subsequent reports 
by other investigators, and our current data. Originally we h ad 
fo und the mean sebum production level for breast cancer pa. 
t ients to be more t han double that of the control group, but We 
subsequ en tly found the diffe rence to be only 25% a nd not 
statistically s ignificant (p > .1). One might postulate that th er 
was a subgroup of breast cancer patients wh o fa iled to exhi bit 
the lowered sebum levels of aging women, but this phenomenon 
was not characteristic for the group as a whole. 
PHYSIOLOGICAL SIGNIFICAN CE OF SEBACEOUS 
GLAND INVOLUT ION 
The red uction in sebaceous gland activity that normally 
occurs wit h aging ra ises the question of whether SLich an invo_ 
T ABLE IV . E ffect of fluoxymesterone on sebum production in. eight 
p ostmenop ausal wom.en" 
Dose 
Sebum proci uclio l1 (mg/ l0 cm' or 
~kin /3 hr) 
10 mg/day 
Mea.n 
20 mg/ day 
Mean 
" Ages 52 to 67. 
0.81 
1.26 
1.61 
1.23 
1.20 
1.34 
1.53 
1.78 
2.38 
1.65 
''T'I'caLmen l 
1.83 
1.62 
1.77 
1.74 
1.47 
2.35 
l.89 
2.17 
2.72 
2. 12 
T AB L E V. Shin. surface lipid measurements in postmenopausal 
women. with breast cancer" 
Breast cancel" l 
Krant et al [43] 2.11 (22) 
Burton et aJ [44] I.l 0 (20) 
Wang et al [45] 0.37 (19) 
Current study 1.29 (72) 
" Milligrams per 10 cm2 of skin per 3 hr. 
" Numbers of subjects m·e in pa rentheses. 
Normals" 
1.02 (31) 
0.76 (20) 
0.24 (19) 
0.96 (51) 
P value 
< .01 
< .05 
< .03 
> .1 
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lut ional change represents a loss of function that compromises 
the integrity and natmal defenses of the skin. Functional attri-
bu tes of sebum include the maintenance of a protective emol-
lient lipid film, retardation of water evaporation, a nd shielding 
against bacterial and fungal infections. Most of t he available 
evidence suggests that, al though in other mammalia n species 
sebum coats the fm (to prevent overwetting and heat loss) and 
provides a sexual attractan t and terri torial marker [49,50], in 
human beings it provides lit tle or no such protection [49]. Yet, 
were sebum to have demonstrated importance in man, it might 
be difficult to ascribe a ny par t icular aging cha nge seen clinically 
to a diminu tion or loss of sebum because of other involutional 
skin t issue changes occmring at the same t ime. On the ot her 
ha nd, after the age of 50, decreased sebaceous gland activity in 
wom en occurs 10 to 20 yr em'lier than in men; therefore, any 
possible sex differences in skin function, especially as related to 
dryn ess, sensit iveness, susceptibility to infection, etc., might be 
attribu table to decreased sebum. H owever , there is no clear 
evidence of such a specific sexual predilection. 
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